Because of large numbers interference factors such as complex background in apple images in natural scene, it is difficult to achieve good image segmentation results. To solve these problems, the color apple image segmentation method under natural scenes is modeled, and an apple image segmentation model based on R component with swarm intelligence optimization algorithm (AISM-RSIOA) is constructed to achieve the initial and secondary segmentation of the images. Under the six conditions of direct sunlight with strong, medium and weak illumination, and backlighting with strong, medium and weak illumination in natural scenes, the images segmentation experiments were taken on a series of mature HuaNiu apple images. The results of initial segmentation showed that the ISMR method has the optimal segmentation effect, and the segmentation success rates achieve 100.0%. In the secondary segmentation stage, the fruits can be fully separated from the background by using the improved threshold segmentation method. The segmentation results demonstrated that the model can effectively improve segmentation effect of images.
Introduction
Apple image recognition is one of the most basic aspects of apple grading [2] . Apple image recognition is used to distinguish apple fruit from the branches and leaves, soil, sky and so on in the background, and it is also denoted as image segmentation [19] . Image segmentation is the basic and critical technology for image processing and computer vision, and it is also the premise of image understanding and pattern recognition [7, 23] . In the image segmentation methods, the threshold segmentation method is very important and widely used [16] . The OTSU (Maximal Variance between Classes) method is a classical threshold segmentation method proposed by Japanese scholar OTSU N which uses the grayscale histogram of the image [17] . It dynamically determines the segmentation threshold of image based on the maximum variance between target and background [9, 12] . However, it has many defects such as lack of adaptability, easy-to-cause noise and over segmentation [16] . Therefore, the classical OTSU method still needs to further improvement.
Relevant scholars have conducted many studies on identification of apple image from different aspects. The Gaussian mixture global algorithm was proposed for apples recognition by Tabb [22] . The combination method of R-G (Red and Green) and chromatic aberration ratio was used by Si [21] to identify the red apples under different conditions along the front-lighting, backlighting, etc. Zhang [26] took the color features (RGB values) and the texture features as input nodes to build a neural network for apple image segmentation. Wang extracted the color features of apple images and adopted the Support Vector Machine (SVM) for apple image recognition [25] . The results showed that this method is better than the neural network.
As can be seen from the above research progress, the research conducted on apple image recognition has changed from the artificial background to the natural background, from single color feature to the combination of color and texture features, and from single threshold segmentation to the artificial intelligence direction [1, 3, 19] . Many scholars have focused on overcoming the defects of the classical OTSU method in searching the optimal threshold. An improved remote-sensing image segmentation method based on improved OTSU and Shuffled Frog-Leaping Algorithm (SFLA) was proposed by Lu [16] . Compared with traditional OTSU image segmentation algorithm and the 2-D OTSU image segmentation algorithm, the experiment results showed that the proposed approach could eliminate the noise interference more effectively and with higher efficiency. A new OTSU method optimized by the Genetic Algorithm (GA) was presented by Li [12] . The experiment result showed that the fuzziness and the noises can be eliminated efficiently. An improved adaptive genetic algorithm (IAGA) was proposed by Jiang [9] . The experiment result showed that the new method can obviously advance the real-time and produce clearer segmented images. These research works show that the combination of the threshold segmentation method and artificial intelligence could greatly improve the image segmentation effect.
In the practical applications, apple images captured in natural scene are more complex, with a large number of branches, leaves and other interfering factors in the background. If the threshold segmentation method or the RGB chromatic aberration ratio method is used, then the segmentation result is not ideal. To solve the above problems, a unified segmentation model should be designed for the apple image segmentation method in natural scene for the segmentation of mature apple images under different scenes and different lighting conditions effectively and accurately.
In this paper, an improved color image cone segmentation method with R component (ISMR) is proposed, an idea gained from the improved RGB color method in literature [8, 27] . Then, an apple image segmentation model based on R component with swarm intelligence optimization algorithm (AISM-RSIOA) is constructed. In the AISM-RSIOA model, the swarm intelligence optimization algorithm is introduced to optimize the threshold of image to overcome the defects of over segmentation in the classical threshold segmentation method. A series of mature HuaNiu apple images under the six light conditions in natural scene were taken for the segmentation experiments.
An Improved Color Image Cone Segmentation Method with R Component (ISMR)
The color image Cone Segmentation algorithm based on G-component was built on the RGB cube space model. A quartercone was made with the center axis of the concentric G-axis in space, and then the pixels in the inner cone are taken as a target and other pixels are taken as the background [27] . On the basis of the literature [8, 27] , this paper proposes an improved color image cone segmentation method with R component (ISMR), and improves the parameter k in the method.
As shown in Figure 1 , in the RGB cube space model, the intersection points of the cube on the three coordinate axes of R, G and B are set as A, D and E, respectively. Taking the coordinate origin O (0, 0, 0) as the vertex, the R coordinate as the center axis, and r as the bottom radius, a quarter cone was constructed. Then, the conical bottom surface intersects the cube plane parallel to the G-axis to form a circular arc 
In accordance with the theory of color image cone segmentation algorithm based on G-component, the pixels in inner cone are taken as a target, and other pixels are taken as the background [27] . Thus, the target pixels are located on the conical surface or inside the conical surface  OFG in Figure 1 . The color image cone segmentation method with R component is expressed in Equation (2) .
Since the value of k of the color image cone segmentation algorithm based on G-component came from the statistical empirical value, there exists a deviation in the solution which results in a poor segmentation result. The concept of global sharing factor G  was proposed in literature [15] . It is a sharing factor that changes nonlinearly only along with the number of experiments t [24] , and it increases rapidly from a small initial value to a steady-state value.
As shown in Equation (3), the number of trials will be applied to the global share factor in this paper.
is the final value, t is the number of global evolution.
Then, the global sharing factor is introduced into Equation (2) to improve the color image cone segmentation method with R component. The final equation is described in Equation (4).
An Improved threshold segmentation method
After the segmentation of the apple image by using the ISMR method, some backgrounds will still be segmented as the targets, which results in extra noise in the segmentation result. In order to solve these problems, this paper adopts the combination of the Swarm Intelligence Optimization Algorithm (SIOA) [11] and ISMR method to segment the apple image. Then, the threshold of the segmented apple image is optimized to choose the most suitable segmentation threshold.
Fruit Fly Optimization Algorithm with Fast Global Convergence (FGCFOA)
The Swarm Intelligence Optimization Algorithm (SIOA) [11] is a kind of heuristic algorithm currently used to solve complex optimization problems [20] . It is an intelligent search algorithm that simulates the natural ecosystem based on the foraging behavior of the species living in the nature. At present, the representative swarm intelligence algorithms mainly include Fruit Fly Optimization Algorithm (FOA) [18] , Shuffled Frog Leaping Algorithm (SFLA) [4] , Harmony Search Algorithm, HSA) [5] and Artificial Bee Colony Algorithm (ABCA) [10] .
In this paper, a new Fruit Fly Optimization Algorithm with Fast Global Convergence (FGCFOA) is proposed by applying the global sharing factor mentioned in Section 2. The global sharing factor is applied into the position updating process of fruit fly individual after one time optimization to achieve fast global convergence [6, 13] . The position updating of individual flies after one time optimization of FGCFOA is described as follows:
The process of FGCFOA is summarized as follows:
Step 1: Initialize the population size Sizepop and maximum iteration number Maxgen , and randomly initialize the population position ( X_axis , Y_axis ) of fruit flies.
Step 2: At first, the fruit fly individuals randomly search for food using their olfactory organs. Randomly assigning the direction and distance of fruit fly individuals searching for food according to Equation (6) , the search distance is expressed as e RandomValu . (6) Step 3: Due to the random search mechanism for food, the position of the food cannot be determined. Thus, according to Equation (7), the distance i Dist between the fruit fly individual and the origin point is calculated first, and then the taste concentration determination value i S of fruit fly individual is calculated by Equation (8).
Step 4: The taste concentration determination value i S is substituted into the taste concentration determination function (i.e. fitness function) according to Equation ( 
Step 5: According to Equation (10), the fruit fly individual with the best taste in the fruit fly population is found (suitable for solving the minimization problem).
(10)
Step 6: According to Equation (11) , the best taste concentration value bestSmell and its X-axis and Y-axis coordinate values are stored, and then other groups of flies will fly to this position by vision.
(11)
Step 7: According to Equation (3), the global sharing factor G  is calculated.
Step 8: According to Equation (5), the position of the fruit fly individual is updated again.
Step 9: The iterative optimization process starts and Step 3 to Step 5 are repeated. If old new bestSmell bestSmell  is satisfied, go to Step 6 to Step 8 to continue iterative optimization. Otherwise, go to Step 7 to Step 8 to update the positions of fruit fly individuals and continue the iterative optimization. The above processes are repeated until the maximum number of iterations Maxgen is reached; then, the optimal taste concentration value will be outputted.
Improved Threshold Segmentation Method
The improved method of threshold segmentation is realized by the combination of the swarm intelligence algorithm and the classical threshold segmentation method. The above four kinds of swarm intelligence algorithms are used to improve the threshold segmentation method, and then the four improved methods, FGCFOAOTSU, GSF 2 LAOTSU [15] , GSF-HSAOTSU [14] and ABCAOTSU, are obtained. The execution flow is showed in Figure 2 . The improved method first calculates the gray scale pixels of the target and the background in the apple image, and then calculates the variance between them. The variance between image classes is chosen as the fitness of the swarm intelligence algorithm, and then, the segmentation threshold of apple image is optimized according to the four swarm intelligence algorithm optimization strategies. Finally, the obtained threshold is used for the segmentation of apple image. 
Apple Image Segmentation Model based on R Component with Swarm Intelligence Optimization Algorithm (AISM-RSIOA)
In this paper, an improved color image cone segmentation method with R component (ISMR) is applied to the segmentation of HuaNiu apple color image, and the swarm intelligence optimization algorithm is introduced to optimize the threshold of image to overcome the defect of over segmentation in the classical threshold segmentation method. As shown in Figure 3 , an apple image segmentation model based on R component with swarm intelligence optimization algorithm (AISM-RSIOA) is presented.
In the AISM-RSIOA model, the apple images undergo two rounds of segmentation. Firstly, the model preprocesses the apple image captured in the natural scenes, performs the wavelet transform to remove noises on the image, and then performs median filtering on the image. Then, the model selects the ISMR method to segment the apple image for the first time, which can remove a large number of background elements such as branches and leaves to make the segmentation result clearer. However, after the initial segmentation, there still exist some backgrounds in the apple image which are segmented as the target which makes the segmentation result appear extra noise. To achieve a better segmentation result, the model selects the variance between classes of image segmented by the ISMR method as the fitness of the swarm intelligence algorithm. The segmentation threshold of apple image will be optimized by the four improved swarm intelligence algorithm optimization strategies. Finally, through the second segmentation for the apple image by the improved threshold segmentation method, the range of the R component is carefully selected to achieve the purpose of eliminating unnecessary pixels, reducing the noise and excess branches in the background. The model framework in Figure 3 not only describes how to model the apple image segmentation method under different scenes and different lighting conditions, but also provides a method of horizontal and vertical comparison of the segmentation results of different steps to achieve the purpose of validating the model.
Design of AISM-RSIOA Model System
To make the AISM-RSIOA model easy to use and effective, a graphical user interface (GUI) system for AISM-RSIOA model has been developed base on the Matlab 7.0 software. It also provides an effective comparison platform for the comparative experiments. The model system interface is showed in Figure 4 . 
Experiment Design and Results Analysis

Experiment Design
The experimental samples were chosen from the mature HuaNiu apples. 30 photos were captured by the camera in the natural scenes of direct sunlight conditions and backlight conditions. A series of mature HuaNiu apple images segmentation experiments are done under six conditions of direct sunlight with strong, medium and weak illumination, and backlighting with strong, medium and weak illumination in natural scene.
The experiments are divided into two steps. Firstly, the initial image segmentation module of AISM-RSIOA model is used to perform the segmentation experiment on six images. Six segmentation methods, such as the improved color image cone segmentation method with R component (ISMR), chromatic aberration method of RGB (RGB), chromatic aberration method of three color component (TCC) [8] , color image cone segmentation algorithm (CITS) [27] , colorimetric method of HSI (HSI) and classical threshold segmentation method (OTSU) are used to verify the validity of the ISMR method. Secondly, the secondary image segmentation module of AISM-RSIOA model is used to perform the threshold optimization process on the initial image segmentation results, and the secondary image segmentation results are output to verify the validity of the AISM-RSIOA model.
To get a better evaluation of twice segmentation results used by the AISM-RSIOA model, five segmentation indicators based on the image recognition rate in literature [19] , such as segmentation rate (RSeg), fruit segmentation rate (RApp), branch segmentation rate (RBra), segmentation success rate (RSuc) and missing rate (RMis), are respectively defined in this paper. The equations of the five indicators are defined in Equation (12) complete fruit as a fruit statistics value, and set the branch length that greater than 1/4 complete branch as a branch of the statistics value, and too little fruits in the perspective of image are not counted in the statistics value.
(12)
(15)
All the algorithms are coded in Matlab 7.0, and the simulations are run on a PC that has an Intel Core2 2.0 GHz CPU and 2 GB memory. The average values of 30 times of independent running results are used for the final experiment results.
Experiment Results and Analysis
Initial Image Segmentation Experiment
After the image preprocessing, the images are initially segmented by ISMR and other five methods in the AISM-RSIOA model system. The results of the initial segmentation of apple images under the six illumination conditions are compared in Table 1 . Figure 5 shows the results of the initial segmentation under the condition of direct sunlight with strong illumination. The figure includes the original image, the pre-processed image and the results of the initial segmentation of the six segmentation methods.
Under the condition of direct sunlight with strong illumination, the segmentation rates of the six segmentation methods are all 100.0%, which shows that all the six segmentation methods take the branches as the segmentation targets. It can also be seen in Figure 5 that there are branches in different degrees in each image after segmentation. This is mainly due to the fact that under the condition of direct sunlight with strong illumination, the color of the branches of the apple is brown and close to red, which is prone to be segmented as the target. However, along with the gradual weakening of the light of direct sunlight, the segmentation rates decreased under conditions of medium illumination and weak illumination, and the fruit segmentation rates increased. This indicates that the degree in which the branches are segmented as a target is reduced. Therefore, the illumination condition has a certain impact on the segmentation results. In the meantime, under the conditions of direct sunlight with medium and weak illumination, the fruit segmentation rates of ISMR are higher than the other five kinds of segmentation methods, and the branch segmentation rate is also lower than other methods. Under the conditions of direct sunlight with weak illumination, the segmentation success rate reaches 90.0%. There exist few missing fruits in segmentation which is mainly because of the dark light.
Secondary Image Segmentation Experiment
Improving the accuracy of the segmentation result requires further segmentation using the AISM-RSIOA model to remove the extra background elements. In this paper, the results of images segmented by ISMR are used as the input of the secondary image segmentation experiment. Firstly, the optimal threshold of the image is optimized by the swarm intelligence algorithm in the AISM-RSIOA model system. The optimal threshold of each image is obtained by the four kinds of intelligence algorithms; then, the improved threshold segmentation method is used to segment the image to achieve the purpose of completely separating the fruit from the background.
(1) Swarm Intelligence Algorithm Threshold Optimization Experiment
In the threshold optimization experiments of the swarm intelligence algorithm, four kinds of swarm intelligence algorithms are used: FGCFOA, GSF 2 LA, GSF-HSA and ABCA. From the perspective of evolutionary convergence speed of swarm intelligence algorithm, FGCFOA has the fastest convergence rate, which is obviously superior to the other three algorithms. The following sequence are ABCA, GSF2LA and GSF-HSA. The thresholds obtained by FGCFOA are the smallest, while the thresholds obtained by GSF-HSA are the largest. 
(2) Improved Threshold Segmentation Experiment
The optimized image thresholds and the image segmentation results obtained from the ISMR method are taken for the secondary image segmentation experiment. Then, the improved threshold segmentation methods of FGCFOAOTSU, GSF 2 LAOTSU, GSF-HSAOTSU and ABCAOTSU are used for the experiments, respectively. The secondary segmentation results are shown in Table 2 , and Figure 6 is the result of secondary segmentation under the condition of direct sunlight with strong illumination. The figure includes the original image, the result image segmented by the ISMR method, and the results of four improved threshold segmentation methods and the threshold.
In Table 2 , under the condition of direct sunlight with strong illumination, the fruit segmentation rate of FGCFOAOTSU is 85.7%. Under other illumination conditions, the fruit segmentation rates all reach 100.0% and are greatly improved compared with the initial segmentation result. It also shows that the four methods have a branch segmentation rate of 0.0% in Table 2 , which indicates that the background factors such as branches can be removed better in the secondary segmentation. In addition, the segmentation success rate of FGCFOAOTSU is 90.0% under the condition of direct sunlight with weak illumination, and it can reach 100.0% under all other conditions.
As can be seen in Figure 6 , the secondary segmentation can remove the background interference factors well. The four improved threshold segmentation methods can completely separate the fruit from the background. Compared with the initial segmentation method of ISMR, there are significant declines in the segmentation rates. It also can be found in the figures that the thresholds are closely related to the effects of the secondary segmentation. The smaller of the threshold, the higher the segmentation success rate of the improved threshold segmentation method, whereas there will be over segmentation which can seriously damage the segmentation effect. The success rates of the other three methods in Table 2 are lower than the FGCFOAOTSU method, and the FGCFOAOTSU method has the better image segmentation result. 
Conclusions
Because of large numbers of interference factors and the complex background in apple images in natural scenes, it is difficult to achieve good segmentation results. To solve this problem, the color apple image segmentation method under natural scenes is modeled to construct a unified segmentation model (AISM-RSIOA) in this paper. The experiment is designed to segment the photos of mature HuaNiu apples under six illumination conditions in natural scene. The experimental results show that the ISMR method of AISM-RSIOA model has the best initial segmentation results, and the background factors such as branches can be removed effectively in the secondary segmentation. The experimental results validated that the model is effective and feasible, and the model system is convenient and easy to operate. Future work is to research the optimization methods of apple images based on the multi-objective swarm intelligence algorithm.
